Abstract-In this paper, we present a questionnaire-driven collaborative design methodology for the automatic generation of collaborative applications. The methodology is based on a repository of collaborative components and a knowledge base of its application and use modes.
INTRODUCTION
Collaborative work is becoming increasingly used in academia and industry. Therefore, there is an important demand for specific, tailor-made collaborative applications supporting the group work particularities of each user community.
A great amount of collaborative applications exist nowadays [1]- [4] . However, depending on the user community requirements, the choice of the application that provides the best software solution is not easy. Currently, such solutions are usually provided as a set of web services from major Internet companies like Google or Yahoo, or they are built with the help of Web Content Management Systems, or tools for creating and maintaining Weblogs and Wikis. In most cases, the end-users of these applications have to configure their collaborative solution without enough proper advice and knowledge.
Collaborative application design is a complex task [5] [6] that must involve both the final users and the software experts. Thus, having a tool that facilitates the design and implementation of collaborative applications taking into account the experience of experts and the participation of the final users seems to be a good approach.
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A collaborative application can be seen as an integration of collaborative components that support a set of collaborative features. This proposal was used in [1] in order to classify collaborative applications according to the collaborative features they supported, such as bulletin boards, messaging, audio/video conferencing, contact management, and so on. From this perspective, the idea of having a repository of collaborative components and a knowledge base of its application and use modes for different kinds of collaborative applications is a good starting point towards the achievement of the above mentioned tool.
The Web evolution in the last decade into the known Web 2.0 [7] and the recent proliferation of "Web 2.0 APls" -provided by Google, Yahoo and Facebook, among othershave contributed to make the Internet increasingly more social. In parallel with these APIs, the mashup technology has emerged to support web pages or applications in the use and combination of data, presentation and functionality from two or more sources to create new services [8] - [10] . One example of a mashup application is Woozor (http://woozor.com/). which integrates Google Maps (http:// maps.google.com/) and Weather. com (http://www.weather.coml). Another example is Portwiture (http://portwiture.com/) that integrates Flickr (http://www.tlickr.coml) and Twitter (http://twitter.com/).
Taking into account this previous discussion, the Web 2.0 is the proper platform where collaborative applications are built, thanks to its popularity, easy use, the great amount of existing resources and the technology available for developing new resources and integrating them in new applications. Unfortunately, the diversity and heterogeneity of the involved technologies makes complicated their direct use even by professional software engineers.
In this work we present a novel methodology for the automatic generation of collaborative applications, which deals with a repository of collaborative components and a knowledge base of its application and use modes. The methodology is supported by a Web 2.0 tool called REUSES (Rapid E,nd-!!ser §ynthesis of CollaborativE, Application §), which helps the community of end-users in building a tailor made Web-based collaborative application addressing their particular needs. For this purpose we follow a guided, adaptive, questionnaire-driven approach to collect and contrast different user requirements. Then, we use a Model-Driven Engineering approach, which is provided by our own code generator tool called MetaDepth [11] , to translate these requirements into an intermediate mashup-like representation, closer to the technological solution domain, from which the code of the final collaborative application is automatically synthesized.
The rest of the paper is organized as follows. Section II shows a general overview of our process for generating web based collaborative applications. Section III details the proposed questionnaire-driven methodology. Section IV deals with tool support, presenting both the REUSES tool and the MetaDepth environment and code generator. Section V illustrates the approach with a case study. Section VI compares with related work and Section VII ends with the conclusions and lines for future work.
II.

THE REUSES COLLABORATIVE PROCESS FOR THE GENERATION OF COLLABORATIVE WEB ApPLICATIONS
Our REUS ES tool supports a process for the collaborative generation of collaborative web applications by a user community in three phases, which are summarized in Figure 1 .
In the first phase, REUS ES provides each user in the community with an adaptive questionnaire for establishing the requirements that the application should include, in his/her opinion. These requirements are synthesized in his/her User Collaborative Application Model ( U CAM). A UCAM is a vector of Boolean values (with' l' for 'yes' and '0' for 'no' ) of the form:
where the size m of the vector is the number of components in the REUSES repository, and each vector component CCi represents the user opinion about the necessity of having a concrete component (e.g. Google Talk or Blogger) in the collaborative application.
The users do not directly fill this UCAM, as they may not have the knowledge to select which component is more suitable for their needs, and moreover, several components may implement similar or overlapping functionality. Instead, REUSES presents adaptive questionnaires to interrogate the user community about their collaborative objectives and their collaborative tasks. The flow of questions presented to each user is adapted by a set of rules, which are generated by the conversion of a decision tree. From the answers to these questionnaires, the UCAMs of the different users are automatically derived using the procedures and heuristics that we present in Section III. Therefore, we can say that REUS ES supports a questionnaire-driven design. The second phase starts once REUSES has obtained the UCAMs of all the users of the community. At this moment, REUSES aggregates different user choices in order to obtain a collective view of the community preferences. Hence, it performs the average of the UCAMs shown in (2) in order to calculate the Community Collaborative Application Model (CCAM), which represents the collective opinion about the requirements of the collaborative application.
In Equation (2) , N is the number of users in the community, and the resulting CCAM is a vector of size m with real values between 0 and 1.
The goal in this phase is to drive the community towards a consensus on the necessary components. For this purpose, REUSES generates a prototype of the application represented by the initial CCAM, and allows the user community to improve this prototype through a refinement process where each user can answer another questionnaire. The aim is generating a Final CCAM (FCCAM) with the community consensus about the requirements of the collaborative application. This FCCAM is a vector of Boolean values indicating the components that have to be supported by the collaborative application tailored by the user community.
In the third and last phase, REUSES invokes the code generator tool, MetaDepth, in order to synthesize the [mal collaborative application from the FCCAM. This application is deployed so that the user community can access it through a URL. For more details, see Section IV. 
AFM�Ti. f) (3 ) where n is the number of collaborative applications of type AT, ATi represents a collaborative application of type AT, and f is a selected collaborative feature.
Each A TFM value represents the probability to have a particular feature in a specific application type. For instance, we obtained ATFM(Project Management, Document Taking into account this previous research work, we present in the next sections the methodology parts.
A. Basic Models for Collaborative Application Types
The REUSES process needs an initial model of the application types in terms of the collaborative components. This model realization generates the Basic Models (BMs), which are vectors of real values between 0 and 1, and each one indicates the necessity of having a concrete component in the application type. They are calculated as shown in (4) 
BM(AT, c)
In the Equations (5) and (6), CFM(c) is the set of features supported by the collaborative component c. For instance, BM(Project Management, Google Cabinet) =1, because the Google Cabinet component is necessary for any application of type Project Management, and BM(Project Management, Google Talk) =0. 5, because the Google Talk component is necessary with a probability of 0.5 for an application of this type, see Table I .
These BMs are used to dynamically adapt the questionnaire presented to the users of the community, for a selected application type, as follows:
• if BM(AT,c»=0.8 then the component c will be included in the collaborative application, so that it is not necessary to ask about its inclusion.
• if 0.2<BM(AT,c)<0.8 then including the component c in the application will depend on the user community opinion, therefore it is necessary to ask about it in the questionnaire.
• If BM(AT,c)<=0.2 then the component c won't be included in the collaborative application, so that it is not necessary to ask about its inclusion.
Our previous research work, on classifying 79 collaborative applications has shown that most applications of the same type have in common components with a BM value higher than 0.8. In contrast, the components with a BM value between 0.2 and 0.8 may be included in applications of the same type, but they aren't typically associated with the type. Finally, we also need to model any particular collaborative application according to the components using (7) , where similarly to the previous case Var(a,c) is a variance, as in (8), and Ave(a,c) is an arithmetic mean, as in (9) .
BM(a, c) = mine!, Var(a, c) + Ave(a, c) )
where a is the specific application. We will use this BM for a collaborative application in the next section.
B. Collaborative Components Correlations
In order to shorten the length of the questionnaire presented to the users and to avoid asking non-relevant or redundant questions, we perform some reasoning on the features of the collection of components. In this way we are able to know if with the inclusion of a specific component CI in the application 12 we do not need to take into account another component C2, because CI and C2 realize the same features.
For this purpose, it is necessary to calculate the correlation of all the components in our repository. Hence, we have applied the Pearson Correlation among the BMs of all the studied collaborative applications, between each two components CI and C2, as shown in (10), where A is given by (11), and B(c) is as in (12) . (10) (11) (12) where a particular application is denoted by a, and the total number of applications is n (actually we have 79 applications in our case). For instance, CrrCC (GoogleCharts, GoogleTable) =1, CrrCC(Blogger, Google Groups) = 0.74 and CrrCC(Google Calendar, Google Talk)= 0.04.
The calculated correlation matrix (CrrCC) in (10) is used to generate clusters of components, which we call the CCC matrix (Collaborative Component Clusters). Each two components CI and C2 are in the same cluster when CrrCC(cf,c 2 »0.22. The value 0.22 was obtained empirically, because after the creation of the CCC matrix, we observed that the clusters generated with this restriction were the best possible ones. An example of CrrCC matrix can be seen in Table III of Appendix.
c. Questionnaire Construction As we mentioned above, REUSES supports a questionnaire driven design. Each user has the opportunity of tailoring the collaborative web application through his/her answers to a questionnaire, which is dynamically adapted thanks to a set of rules that manage the questions' flow.
The questions are presented to the user following these steps:
1. The first question is the application type that the user prefers for his/her community work. REUSES can generate automatically six application types, which are modeled with its BMs in Equation (4) . With this fust choice, the BM associated to the application type is selected. Then, the following three elements are initialized:
• UCAM: the components in the BM with value higher than 0.8 are assigned a value of 1 in the corresponding UCAM dimensions (see Section II);
• We create a set NC, with the components that have values between 0.2 and 0.8 in the BM; and
• F: the set of features that are supported by the components in NC, but are not supported by the components in UCAM at the moment. These are the features we need to ask about.
2. The components contained in NC are extracted one by one. This extraction follows these steps:
• First, we extract from F the feature with the highest A TFM value, which is denoted by fe. Recall that the higher the ATFM value is, the most likely the feature is necessary in the application type.
• Second, from the components in NC that can support feature fe, we extract the component supporting another feature in F having the highest A TFM value at the moment. This selected component is denoted by co. This will be the most useful component if the user wants to include the feature. Furthermore, the user is asked whether he/she wants to include the feature fe in the Web application.
3. If the user answers that fe is needed, then the UCAM is updated, assigning a value of 1 to the corresponding dimension of co, and the features supported by co are extracted from set F and retained.
4. If the user answers that fe is not needed, it is examined if co is not in any cluster of the assigned components in UCAM. In this case, all the components in the same cluster as co are removed from NC, because they are similar to co (in this way, the number of questions are reduced).
5. This process continues until the NC set is empty.
These steps are summarized in Table II .
IV. TOOL SU PPORT
In this section, we present the two tools we use to generate the collaborative applications: the Web 2.0 REUSES Tool and the MetaDepth Framework. A REUSES prototype is available at http://mcolab.ii.uam.es. More detailed information about MetaDepth is available at http://astreo.ii.uam.es/-jlara/ metaDepthl.
A. Web 2.0 Reuses Tool REUSES is a Web 2.0 Tool, which is composed by these three related modules (see Figure 2 ):
The Decision Manager, which coordinates the process needed to generate the collaborative application and facilitates the communication among the other REUSES modules;
The Specifications Manager, which constructs the adaptive questionnaires based on the presented set of rules;
The Repository of Collaborative Components, which contains both components developed by our team and external components, like Google Cabinet and Google Calendar. 13 The Decision Manager facilitates the interaction of the users with the Specification Manager. The latter is in charge of obtaining the UCAMs, which are used by the Decision Manager to obtain the CCAM. The Decision Manager enables the consensus of the user community through a refinement process in order to obtain the FCCAM.
While Q=No
The repository contains components implemented by our team (e.g. a login component, a radar awareness component) as well as Facebook components and Google Gadgets, e.g. Google Cabinet, Google Charts, Google Docs, among others. All these components are connected and integrated using mashup technology.
Finally, the decision manager extracts from the repository the specific information about the components needed to model the FCCAM. Using this information, it generates a model of the collaborative application, which is fed into MetaDepth. The latter synthesizes code for the fmal collaborative application as shown next.
B. The MetaDepth Meta-Modelling Environment
MetaDepth [11] is a multi-level meta-modelling framework which integrates languages for model manipulation and code generation. We have used this tool to develop a mashup-like family of domain specific modelling languages (DSMLs) to describe different aspects of collaborative applications, such as its users and their roles, its component-based functionality, and the style and layout of the components in the application. We have also built a code generator that, given a set of models describing the collaborative system, produces the final application from a repository of predefmed components, as explained in the previous section. The fmal application integrates heterogeneous technologies such as HTML, CSS , 14 JavaScript (to access third-party APIs from Google or Facebook) and PHP (for DataBase access).
However, as discussed in the introduction, the direct use of this family of DS MLs for building collaborative applications is difficult for non-technical users as the languages we have developed use concepts of the solution domain (components, pages, etc.) but not of the problem space (goals, activities, end user functionality). Nonetheless, as the DS MLs are closer to the solution space, it is easier to generate code from them in an automatic way in order to speed up the development of applications.
As we mentioned at the end of Section II, in the third and fmal phase of the proposed approach REUSES invokes MetaDepth, which is in charge of synthesizing the final application. Figure 3 shows the tool chain in this phase. In the first step, REUSES is in charge to transform the high-level preferences of a user community, into the lower level DS MLs understood by MetaDepth, from which code is generated (step 2). The fmal application is automatically deployed in the server where REUSES and MetaDepth are running (step 3). Hence, REUSES is used to build the FCCAM based on the user decisions (problem domain), from the FCCAM we generate a lower-level model that realizes the FCCAM in a set of inter related web components (solution domain), from which the code of the final application is generated.
v.
CASE STUDY Some courses of the new Grade in Computer Science of the Universidad Aut6noma de Madrid are project-oriented and students need appropriate tools to support group-work. Currently, the collaborative activity is supported by Moodie [13] and various applications and services that exist on the Internet (e.g. Google Docs, Google Talk, among others). However, integration between these tools and the information they use is needed for specific job tasks. In this academic context, we propose using our REUSES to develop an application to support students' group-work.
Considering the Programming Project course, which is a first-year course in the second semester, the students must work in groups of 3-4 people to carry out a whole software development project (specification, design, coding and testing). The professors of this subject are the REUSES tool users, in charge of specifying and generating the collaborative application to support students' group-work throughout the project. In this case, the REUSES tool supports the collaborative generation process of a Project Management collaborative application by a user community in the following stages:
1. REUSES provides to the user the first question of the questionnaire to start completing the UCAM. In this case, the user selects 'Project Management Application' (see Figure 4 ). This action assigns a value 1 to the UCAM dimensions that have more than 0.8 in the corresponding BM dimensions of Project Management application type.
2. REUSES shows the next question of the questionnaire (see Figure 5 ). In this step, the components that were selected taking into account the answer to the previous questions are shown with green color on the UCAM representation. Then, in the same way, REUSES shows the appropriated questions of the questionnaire step by step.
3. When all UCAMs are obtained by REUS ES, the tool perfonns the matching process to generate a tentative CCAM (see Figure 6 ). In this case, the selected components for the collaborative web application are: Login, GoogleCabinet, GoogleCalendar, GoogleGroups and Gmail (they have maximum acceptance value, i.e. 1).
On the other hand, the components with low acceptance value are: GoogleTable, GoogleChart and GoogleMaps (see that they have value of 0.5). 4 . During the refinement process the components with low acceptance value are defmitely not useful for the user community. Consequently, the collaborative application will be constructed with some of the others components.
5. REUSES collects the needed information about the selected components in the FCCAM from the repository of components and invokes MetaDepth (see Figure 7) , which generates the final Web Collaborative Application (WCA). Its URL is provided to the professors.
6. Clicking on the link to the provided URL the WCA is 15 accessed (see Figure 8 ).
Hence, overall REUSES enabled the generation of a customized collaborative web application, tailored for the particular problem. Moreover, the tool supported the collaborative design of the final application, resulting in an application with features and components agreed between the members of the user community.
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VI. RELATED WORK
A large amount of collaborative applications was reviewed in order to determine the collaborative components to be used, their applications and uses. During this review, we found several examples of applications that motivated our actual research work. Most collaborative applications have a specific purpose, although some of them are for general purpose. In this section, firstly we will see some details of specific purpose collaborative applications for these two areas: e-Learning and Knowledge Management -both areas are related with the use case exposed in the previous section-. Secondly, we will see some general-purpose collaborative applications.
Some of the studied e-Learning systems are: the COLLECE System [14] , DOMOSIM-TPC [15] and Ontoolsearch [16] . The first one, the COLLECE System, facilitates the collaboration of a group of students (possibly distributed geographically) in learning a programming language. In this way, they can edit, compile and execute programming code in a collaborative way. In addition, the system provides a shared workspace with a chat. The second one, DOMOSIM-TPC, supports the Learning of Domotical Design. This system facilitates to a group of students the design, discussion and simulation of models of building automation systems. As the previous system, this also provides a shared workspace with a chat. Finally, Ontoolsearch is an interactive system for the search of learning tools. This system can help teachers fmd the most appropriate collaborative application for the collaborative work of hislher students.
In the Knowledge Management area, among others, we found these systems: KnowCat [17] , KM QU EST [18] and Sofia [19] . The first one, KnowCat ("Knowledge Catalyser"), aims at generating high quality educational materials as a result of users' interaction with the materials, in an asynchronous and distributed way, without the need of an editor to manage the task. The system is based on a mechanism called "Knowledge Crystallisation". The second system, KM QU ES T, is a collaborative Internet-based simulation game for learning to solve knowledge management problems. Finally, Sofia is a framework for implementing Group Storytelling applications, which stimulate collective knowledge building.
As examples of general-purpose collaborative systems, we can cite Google Sites (http://sites.google.com/) Wookie [20] [21] and XoMashup [22] . Google Sites facilitates the creation of Web Sites using templates. It is useful for end-users without knowledge about Web applications design. Although it allows inserting collaborative components such as chats in the generated Web applications, these are mostly for individuals but not for groups. The second system, Wookie, can handle multiple users, making it possible to implement forums, chats and other social applications through widgets. Finally, XoMashups facilitates the generation of Web applications where tools and external sources can be assembled, which can support collaborative work. It uses mashup technology. The use of this system is individual, and it is not possible to configure a Web collaborative application among a group of users. Hence, our approach has the advantage that it enables the generation of different types of collaborative applications. As a difference with existing systems to build collaborative applications, the functionality of the final application is agreed through a consensus-building mechanism, based on questionnaires.
VII. CONCLUSION AND FUTURE WORK
The present research work started with an exhaustive review of different studies about classifications and taxonomies of collaborative systems/applications [1]- [4] . Based on them, and after our detailed study of 79 collaborative applications, we generated our own classification of collaborative applications and their collaborative features. Moreover, we built another classification where we took into account collaborative applications types and their collaborative features [12] . This previous study was used to propose our Questionnaire driven Methodology for automatic generation of Web collaborative applications. The methodology first characterizes individual user preferences, and then builds a consensus using the preferences of the whole community. The methodology is supported by REUS ES, a Web 2.0 tool, and MetaDepth, a meta-modelling and code generation tool. We rely on a repository of components to realize the final collaborative application.
We are currently organizing some experimental work to test our approach in the context of the new Grade in Computer Science ofUAM. It is expected that the use of REUS ES in the Programming Project course with their real instructors and students could give evidence about these following issues. Firstly, that this Web 2.0 tool is useful to the teachers in order to achieve consensus about the desired collaborative application and that the generated collaborative application would support the collaborative work of their students in the development of a software project. Secondly, that the students can work with the generated collaborative application properly in their collaborative tasks related with the specification, design, coding and testing of their project. Moreover, all this experimentation will contribute to improve the REUSES tool, in order to achieve that the final generated web applications will support a proper orchestration of their collaborative components.
For the next academic year, we will continue with the experimental work in other courses in order to obtain more feedback from teachers and students about the use and performance of REUSES and their generated collaborative applications. Moreover, we also plan to test REUSES in other user communities, which could benefit from their collaborative work, such as research groups at our institutions.
At the moment, we have taken into account six collaborative applications types. Our idea is to extend our approach with more types (e.g. collaborative e-learning and collaborative knowledge management) and to improve it with automatic learning using the new collaborative applications generated by REUSES as inputs (i.e. adding the characteristics of these new collaborative applications in the same way we configured our approach with the initial 79 applications studied). We are also enriching the repository with new alternative collaborative components of some existing ones at our repository, both for extending the supported collaborative features, as for providing other companies components (e.g. Facebook Widgets). 
